Summary Since HODGKIN et al. (1949) first recorded membrane ionic currents by the technique of voltage clamping the membrane of squid giant axons, it has been possible to predict precisely the ionic currents produced by an action potential. However, the ionic current produced during the propagating action potential can be obtained only after intricate experiments and laborious calculations. Employing the method used in the present report, the relationship between ionic current and membrane potential of nerve and muscle fibers can easily be obtained. According to the cable equation, the ionic current is described as the difference between the first and second derivatives of the action potential. It is also calculated that the ionic current should be zero at the foot of the action potential. Applying this condition to the cable equation, the ionic current-membrane voltage relation can then be obtained from the electronically differentiated transmembrane action potential. The fact that this method can be applied to muscle fibers whose membrane structure is complicated due to the tubular system is also discussed.
during the action potential of non-myelinated nerve fiber in a large volume conductor is expressed by the following equation:
(1) The action current at the foot of the propagating action potential:
The solution of Eq. (1) The first derivative of the action potential is dV/dt=k A exp (kt), hence dV/dt=kV and (dV/=dt)/V=k. Therefore, the initial part of the phase plane Subtraction of the first and second derivatives of the action potential in A is shown as the ionic current across the membrane.
Abscissa is the membrane voltage (V.), and R is the resting potential of the muscle fiber. Ordinate is the current intensity (Ii). Negative sign represents net inward flux of the current, presumably carried by sodium ion. Action current starts at R, travels counterclockwise along arrows, and returns to R.
record of the first derivative of the action potential versus the membrane potential is a straight line with the slope of k (Fig. 1 ).
Equation (1) becomes d2V/dt2=k(dV/dt+Ii/Cm) When multiplied by 11(dV/dt), it becomes
The left side of the equation represents the slope in the phase plane record (dV/ dt. V) (Fig. 11 and is substituted for m. Then:
This relationship was also obtained by JENERICK (1964) , using another approach. This equation predicts that, because m=k, the ionic current should be zero at the foot of the propagating action potential. Therefore, the gain of the channel recording the second derivative of the action potential was chosen such that the initial trajectory of both derivatives would be the same. Using this gain setting, the difference between the derivatives should depict the ionic current. However, in this case the differentiation of the action potential was achieved by employing operational amplifiers, and the ionic current, i. e., the difference between the first and the second derivatives, was obtained by using a difference amplifier.
The Z axis was obtained by using intensity modulation of the oscilloscope trace.
COLE 'S computed diagram (1968) is qualitatively similar to Figs. 1 and 2. These phase plane records of the ionic current are slightly different from those obtained by voltage clamp methods. There is no outward current at the beginning of the propagating action potential, and this agrees with the theoretically derived characteristic.
DISCUSSION
There is some doubt about application of this method to the muscle fibers.
Since the study of FALK and FATT (1964) , the existence of the two time constants of the membrane has received strong support in studies of skeletal and heart muscles. They found that tubular capacitance which consists mostly of membrane capacitance, was in series with resistance. The general cable equation, the original form of Eq. (1) is (2) which is valid for any membrane property as long as ro and ri remain linear, where 
